A b s t r a c t. The paper concerns the convergence of selected stock exchanges from the point of view of their development. It presents the methodological approach which points up taking into account spatial and economic connections among stock markets in convergence analyses. In this analysis the need for division of the stock exchanges according to a spatial regimes is pointed up as well. The research includes 42 largest trading floors analyzed in the period of [2004][2005][2006][2007][2008][2009][2010][2011][2012]. The empirical data refer to six diagnostic variables acknowledged as the important determinants of the development of stock markets.
Introduction
The paper concerns the convergence of selected stock exchanges, with European stock exchanges on the one hand and the Asian and American on the other, from the point of view of their development. The study is a continuation of our previous investigation, the results of which were published in Dynamic Econometric Models, 2014 (14) (Szulc et al., 2014, pp. 125--144) . The main findings of the quoted work were as follows: (1) Including the linkages that result from physical and/or economic distance between European as well as American and Asian stock markets. In addition, the importance of distance between the markets for the process is evaluated. Particularly, the role of economic distance is considered. The research is aimed to verify the hypothesis that the relative location of a stock market in the geographic as well as a particular economic space affects its growth rate.
The achievement of the objective and verification of the research hypothesis was enabled through: defining a taxonomic measure of development of exchanges, then building of empirical dynamic models of stock exchanges' convergence for pooled time series and cross-sectional data and for panel data in the traditional version, which ignore spatial and economic linkages between stock exchanges and dynamic spatial models (including spatial panel models), i.e. models with regard to the described relationship, and finally the comparison of statistical properties and the interpretation values of model' parameters in various versions.
Subject and Range of the Investigation
The subject of the investigation contains the selected European, Asian and American stock exchanges, characterized in terms of their level of development. The study included 42 largest trading floors in the period of [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . The specification of the exchanges with the assignment to the relevant country is presented in Table 1 .
The level of stock exchange development was defined by a synthetic measure based on six diagnostic variables, i.e. X1 − the capitalization of domestic shares, X2 − the capitalization of newly listed domestic shares, X3 − the total value of share trading, X4 − GDP per capita, X5 − the top 10 most heavily capitalized domestic companies, X6 − the ratio of market capitalization to GDP. It was recognized that, in the light of theory and empirical analyses, the specified variables are important determinants of the development of stock exchanges (see e.g. Demirgur-Kunt and Levine and Zelvos, 1996; Łuniewska and Tarczyński, 2006; Szulc et al., 2014; Wiśniewski, 2003) . Taking into account the connections of the capital market with the economy of the country of its location was also an important issue for the specification of the diagnostic variables. The range of information provided by the World Federation of Exchanges (www.worldexchanges.org), whence we get the data, played a significant role as well. Note: Stock exchanges signed by * have been included in the European capital markets for the reason of their geographical proximity to the continent and their economic similarity as well.
Methodology
The research was conducted in relation to the aggregate characteristic of the stock exchanges in the form of a taxonomic measure of development. This indicator is understood as a synthetic normalized formula expressed by (see Hellwig, 1968) :
where:
i q − the synthetic variable determining the level of development of the i-th exchange in relations to a development standard, q − the average value of the synthetic variable, q S − the standard deviation of the variable.
In this approach the values of the synthetic variable i q are calculated according to the formula:
where: Through the use of the taxonomic measure of stock exchanges' development it is possible to present the rankings of exchanges and their changes in time, the evaluation of the correlation between stock exchanges in terms of development, the identification of linkages between markets in an economic space, and finally, the analysis of the stock exchanges' convergence, which is meant as equalizing their development levels. In this paper we focus on the examination of the concept of exchanges' convergence, in the light of which the stock market with an initial lower level of development showed a faster growth rate in the considered measure of development.
The analysis of the stock exchanges' convergence was based on econometric models of β-convergence, in particular, the spatial models for pooled time series and cross-sectional data (TSCS) as well as spatial panel models. The same classes of models were used previously (Szulc et al., 2014) .The premises for the application of spatial models are as follows: − The result of including the spatial linkages between stock exchanges in the models of their convergence is better evaluation of the convergence phenomenon on the grounds of β parameter estimated. The estimate of the parameter reflects more accurately the impact of the base level of development of a given stock exchange on the growth rate of the stock exchange characteristics in question because such estimate is not influenced by omitting spatial relationship. − The use of spatial models provides the opportunity to measure and interpret the impact of connections of a given stock exchange with others on its development. The spatial models for pooled time series and cross-sectional data (TSCS) are presented by formulas 3 and 4, whereas the formulas 5 and 6 refer to the spatial panel models.
The model TSCS with spatial component takes the form of the spatial autoregressive model (SAR_pooled), i.e.:
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or of the model with spatial autoregressive residuals (SE_pooled), i.e.:
The spatial panel models used in the investigation were as follows:
i.e. the spatial autoregressive panel model with individual fixed effects (the spatial autoregressive fixed-effect model) (SAR_FE_IND) and
i.e. the spatial error panel model with individual fixed effects (SE_FE_IND).
Elements w ij in the formulas (3)-(6) come from connectivity matrix W which refers to the linkages between exchanges considered. Various types of weights w ij may be pointed out according to the established criteria (see e.g. Haining, 2005, pp. 83-84) .
In this paper the linkages between stock exchanges will be defined with the use of two approaches. The first uses a matrix of connections with weights established on the basis of the physical distance between the centers of the countries where the stock exchanges are located. The second consists in the consideration of the economic distance in the matrix of connections. The essence of the second approach is to establish similarity of the exchanges on the basis of the value of the taxonomic measure of exchanges' development.
The quantification of the spatial linkages between stock exchanges on the basis of the geographical distance was carried out according to the following scheme:
1. Determining the spatial relationships using the linkages matrix S, with elements:
where: ik d − the physical distance between capitals of the countries where the i-th and the k-th stock exchanges are located.
2. Row standardization of the connectivity matrix to one, i.e.:
3. Construction of the block matrix of connections, i.e.:
-matrixes of the spatial connections based on the physical distance, the same for all the considered years.
In the second approach, i.e. with the use of an economic distance between stock exchanges, the following scheme was used:
1. Determining the linkages between stock exchanges with the use of an economic distance, expressed by the formula:
where: ik d − the economic distance between i-th and k-th stock exchange,
− the values of standardized diagnostic variables for each i-th and k-th stock exchange, j = 1, 2, …, 6 − the number of the diagnostic variable. 2. Construction of the matrix of linkages between stock exchanges, with elements:
3. Row standardization of the connectivity matrix to one, i.e.:
4. Construction of the block matrix of cross-sectional and time connections which may be described in the following form:
-matrixes of connections, taking into account the economic distance between exchanges, different for successive years.
In order to evaluate the quality of the empirical models in the investigation the following tools were used: the Moran test for verifying spatial independence of the residuals, the Lagrange Multiplier tests (LMlag, LMerr) and their robust versions (RLMlag, RLMerr) as spatial dependence diagnostics, the Likelihood Ratio test (LR) for testing the significance of the spatial dependence, the Breusch-Pagan heteroskedasticity test, the Chow test for verifying the spatial changeability of β parameters and the need for including fixed effects in the spatial panel models (on the tools see e.g. Arbia, 2006; Millo and Piras, 2012; Mutl and Pfaffermayr, 2011; Baltagi et al., 2003; Suchecki (ed.), 2012) .
All calculations were performed with R (version 3.0.1) and the graphical illustrations -with the use of MapViever and Corel. Figure 1 shows locations of the investigated exchanges on the world map and bar charts of taxonomic measure of development (TMD) in the years 2004-2012. This presentation allows us to observe changes in the level of development of the individual stock exchanges and a comparison of the dynamics of changes by their spatial location as well. It is worth noting that most of the developing economies' stock exchanges, both on the European continent, as well as American and Asian, are characterized by a relatively stable level of the taxonomic measure of development throughout the whole adopted time horizon, even during a sharp slowdown in the economic conditions caused by the global financial crisis. This finding is particularly evident in relation to such exchanges as e.g. BCBA, BVL, SSE, BDSE, EEZ, CLSE, ISE, PSE. 
Preliminary Data Analysis

Results of the Econometric Analysis
In order to justify the division of the considered stock exchanges into two groups the Chow test of spatial changeability of β parameters was applied. The results are presented in Table 2 . The hypothesis that parameters in β-convergence models estimated in the investigation are constant should be rejected. This leads to the identification of spatial regimes and means that the convergence of the European and Asian/American stock markets should be investigated separately. The successive tables presented below contain information on the usefulness of various methodological concepts expressed by the spatial models presented in Section 2, in comparison with the linear regression model, i.e. the traditional model not including the spatial effects. Tables 3-6 refer to the empirical models obtained for the European stock exchanges, and tables 7--10 for the Asian and American stock exchanges.
In Tables 3 and 4 there are presented the results of the estimation and verification of the three models for pooled time series and cross-sectional data: the linear regression model (TSCS), the spatial autoregressive model (SAR_pooled) and the spatial error model (SE_pooled). Table 3 contains the results obtained in the case when, for the purpose of quantification of the connections among the investigated exchanges, the matrix W of the physical distance between them was used (variant I). Table 4 presents the analogical results, but in the spatial models there was used the connectivity matrix W * of the economic distance between the exchanges (variant II).
The classical model estimated with the use of the pooled time series and cross-sectional data does not satisfy the fundamental criteria of statistical verification. The main drawback of this model is autocorrelation of residuals, which is confirmed by the result of the Moran test (see Tables 3 and 4) .
In order to propose an alternative opposed to the classical model the Lagrange Multiplier tests (LM) were used (see Tables 3 and 4 ). The LM tests for the linear model for the pooled time series and cross-sectional data used consider the spatial lag model (spatial autoregressive) and the spatial error model as alternatives (LMlag and LMerr, respectively). Tables 3 and 4 report the results of using the robust tests (RLMlag, in which H 0 : ρ = 0 under the assumption that λ ≠ 0 and RLMerr, where H 0 : λ = 0 under the assumption that ρ ≠ 0) as well. Since the LMlag tests are more significant than the LMerr, and the RLMlag tests are more significant than the RLMerr, the spatial lag models should be preferred. Subsequently, the significance of the spatial effects in the SAR and SE models using the Likelihood Ratio test (LR) was confirmed (see Tables 3 and 4 ). The results show that the statistical properties of the obtained empirical models are the same (the spatial autocorrelation of residuals of linear regression model, significant LM statistics and significant spatial effects confirmed by the LR test), irrespective of which connectivity matrix (of physical or of economic distance) was used in the spatial models. Similarly, irrespective of which the connectivity matrix was applied in the spatial models, parameters ρ and λ are statistically significant. It is worth noting that the fact of including the connectivity matrixes in the considered models has a crucial impact on convergence parameters (β). Absolute values of the parameters for the SAR and SE models are lower than for the traditional model which does not take into account the connections across the investigated stock exchanges. Tables 5 and 6 contain the results of the estimation and verification of exemplary panel models used in the investigation, i.e. the panel model with fixed effects without the spatial component (FE_IND), the spatial auto-regressive panel model with fixed effects (SAR_FE_IND), and the spatial error panel model with fixed effects (SE_FE_IND). Just as in the pooled time and cross-sectional data models also in the panel data models the connections among the stock exchanges in two variants (connections according to physical/economic distance) were taken into account. Fixed effects are significant in the considered models. It means that individual characteristics of every exchange are valid for their convergence. The diagnostics of the considered models suggests that the classical panel model is the worst among them. In this case, the Breusch-Pagan statistic is significant (at the level of significance γ = 0.05), leading to the rejection of the model assumption of homoskedasticity. In addition, on the basis of the Moran test the hypothesis of the independence of the model residuals should be rejected (comp. the TSCS model). The necessity of model re-specifications towards the spatial panel models was also confirmed with the Lagrange Multiplier tests. All the tests are statistically significant, except for the robust version (RLMlag), which suggests that the spatial error panel model should be preferred. Moreover, the significance of the spatial effects with the aid of the LR test has been confirmed (see Tables 5 and 6 ). Tables 5 and 6 ). Taking into account the geographical connections (variant I) among the European stock exchanges investigated, in the panel convergence models there has been removed the problem of autocorrelation of the residuals (in the spatial autoregressive panel model at the level of significance γ = 0.01). However, in the case of using the matrix of economic distance (variant II) the residual autocorrelation has been eliminated only from the spatial error panel model. Generally, we may say that the statistical properties of the convergence models of the European stock exchanges are better than of the models obtained in our first study mentioned earlier, in which exchanges from different parts of the world were taken into account.
The other tables show the results of the estimation and verification of the convergence models obtained for Asian and American stock exchanges. Table 7 shows the characteristics of the models obtained for the pooled time series and cross-sectional data in the classical and spatial version (the spatial autoregressive model and the spatial error model), respectively. The spatial components in the spatial models are included through the matrix quantifying the physical distance between the stock exchanges. The characteristics of the spatial models using the matrix of the economic distance in comparison with the characteristics of the model without the spatial connections are presented in Table 8 .
In both variants of quantification of relationships between the stock exchanges spatial models are better than the models which do not take into account the connections, in terms of the autocorrelation of residuals. Unfortunately, all the models obtained are characterized by heteroskedasticity of variance. The panel models obtained for Asian and American stock exchanges have the analogical fault (see Tables 9 and 10 ).
Conclusions
The analysis confirms the earlier findings that the inclusion of the linkages which result from physical and/or economic distance between the stock exchanges in the models of their convergence is justified. In other words, the results of the investigation provide another evidence for the existence of spatial effects in the empirical models of stock exchanges' convergence.
The earlier study (Szulc et al., 2014) found that the geographical distance has less impact on the process of equalizing differentiation of stock markets then the economic distance between them. In this study the finding was not revealed as clearly. The empirical models of convergence obtained for the European stock exchanges satisfy the basic criteria of statistical verification. Unfortunately, this is not the case of the models obtained for the Asian and American stock exchanges.
The analyses of the process of convergence of stock exchanges should be further continued in terms of methodology as well as for the purpose of searching of properly established spatial regimes.
